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(excluding highly penetrant mutations) and different types of
cancer.
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EpiSat

EpiSAT is a web application which provides the instruments necessary to maintain and poel results of biomedical investigations. EpiSAT includes facilities for the storags,
archiving, cataloguing, and disseminating pocled results EpiSAT includes on-line analytical tools, powered by the R Statistical environment

MEC - knowledge database

Construction and implementation of a knowledge data base on Molecular Epidemiology and Canocer. The projects cumently induded in MEC are shown in the windows below.

EpiSAT - MEC

Construction and implementation of a knowledge data base on Molecular Epidemiology and Canocer. The projects cumently included in MEC are acoessible following the link

OHNA Repair

In the DMNA repair polymorghisms site an updated source of information on gene-environment interactions, and particularly on DNA repair and the risk of cances, is available for
geneticists and epidemiclogists
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DHA Repair

In the DA repair polymonphisms site an updated scurce of information on gene-envircnment interactions, and particularly cn DNA repair and the risk of cancer, is available for
gensticists and epidemiclogists.

Studies included
Date  Study BAuthors

ZhuY, Lai M, Yang H, Lin J, Huang M,

2007 Gen =5, haph < aind diplo f XPC and risk of bladder ca
ek sl s potype venme ol it of o) Grossman HB, Dinney CF, Wu X,

Carcinogenesis. 2007 Mar28(3) 898-702. Epuwb 2008 Ot 19,

Zhu ZZ, Wang AZ, Jiz HR, Jin XX, He XL, Hou

2007  Association of the TPE2 Codon 72 Polymornphism with Colorectsl Cancer in a Chinese Population LF Zhe 3

Jpn J Clin Oncol, 2007 May-37(5)385-90

jene pohymerphism ERCC2HPD LysTE1GIn bt not th
isk of lung cancer in a northeastern Chinese population.

anne A haplotype encompassing the
aliele of Aspd12Asn is associa

YinJ, Vogel U, Ma ™, Qi R, Sun Z, Wang H.

Cancer Genet Cytogenet. 2007 Mz 175(1) 47-51

2007 The DNA repair gens XRCC1 and genstic susceptibility of lung cancer in 5 northesstern Ch population YinJ, Vogel U, Ma Y, Qi R, Sun £, Wang H.

Lung Cancer. 2007 May56(2):153-60. Epub 2007 Feb 20

Yeh CC, Sung FC, Tang R, Chang-Chieh CR,
Hzsiel

2007  Association between pohymorphisms of biotrans formation and DNA-repair gene d risk of colorectal cancer in Tamwan

J Biomed Sci. 2007 Mar;14(2)-183-33

2na w B, WeiYS, Zhana 1
2007 Genetic polymorphisms of the DMA repair gene and risk of nasophanynges| carcinoma I;:; \.Zi‘.l"-lEEI.‘aﬁI'ZIr:'Il:r;thrE;i’rJ;H._zmu E.
DA Gell Biol, 2007 Jul-26(7) 491-6

Xu Z, Hua L¥, Qian LX, Yang J, Wang XR,

2007  Relstionship betwesn XRCGC1 pobymarphisms and susceptibility to prostate cancer in men from Han, Sowthern China. Zhang W, Wu HF

Asizn J Androl. 2007 May;8(31.:331-8.

2007  Association between 3 functions| single nucleotide pohymeorphism in the MDMZ gene and sporadic endometrial cancer risk Walsh CS, Miller CW, Karlan BY, Koeffler HP
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EpiSAT Home
MEC database
DNA Repair

Do you want to submit a query to the NewHugeNet database?

Which gene; [ Al genes v

Which pul\kmurphism: [ A |

Which rs: [ Al B
Reporting Standards — — _
and Datak 5 for First authar:
Omics Data —_—
Date: 5 |
About § Select a date o |
Mationality; Al =
Method: | Select an method — + |
Which gender: @ Al
O Males
) Females
Cancer site: Select a cancer site - v|
Which ethnic group: | - Select an ethnic group — %
Ynich histalogictype: | - Select an histolagic type ~ |
Study design. | - Select an study design - |+
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Omics Data

About

Information currently available
Investigators

Studies

Total subjects

Controls

Cases

Distribution by cancer site
Site

Head and ned
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Conjunctiva

Distribution by genetic polymorphism
Gene

XRCC1

KRCC2

XRCC3

ERCCZ

ATM

MGMT
LIG1
MLH1
XKRCCSE
KRCCa
ERCCE
XPA

PCNA

Cases(n}

41772
8572

of

8880

11989
4488
7150

1100

Controls (n}
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=nity test X
p-valus 074 o1 084

XRCC1 cod 359 Lung MA MA NA

est plot Funnel plot Radial plot

Adys GA+ AA s
GG GG
95% Cl  weight: OR 85% Cl  weights OR 95% CI  weights

Adjusted OR e L 11 067 181 1202 08 018 202 258  NA NA MA  NA
Americans

Random sffects mets-analysis David-BEeabes 2001 ({45 1 Caucasians 08 052 124 1487 06 D29 125 715 HA, NA WA HA,
De Ruyck 2007 (502 ) Caucasians 144 077 271 848 182 086 388 476  NA NA MA A
Hao 2008 {217 ) Asians 089 074 107 2882 026 082 118 271 088 074 105 2882
Harms 2004 { 170 ) Caucasians 189 085 2 88 11 028 221 2338 074 042 128 851
Hu 2005 348 ) Asians 098 078 123 3144 083 055128 2181 0895 077 118 28
Hung 2005 { 282 | Caucasians 108 082 122 4257 095 077 118 8433 103 08 118 2186
It 2004 { 168 ) Asians 102 089 15 1728 135 DE5 28 724  NA NA MA  MA
Matullo 2008 { 224 ) Caucasians 137 083 226 1204 05 02 123 474 NA NA MA  MA
Pachouri 2007 { 415 ) Indian 02 018 056 822 04 016 102 435 08 045 079 2149
Park 2002 ( 37 ) Asianz 128 08 2051317 202 075 544 332 138 087 214 1252
Popands 2004 {212 ) NA 058 084 12 2272 097 062 152 1311 NA MA MA  NA
Rstnssinghs 2001 {21 ) Asians 1 081 5 13 043 344 4068 1 081 183 1121
Zhang 2005 {221 ) Asians 083 077 117 085 181 2768 NA MA MA  MA
Zhou 200288 ) Caucasisns 1 078 12 097 174 4448 NA MA MA  MA
Ryk 2008 {202 ) Mixed M NA MA NA N MA MA  NA 171 072 405 454
Ryk 2006 {202 ) Mixad M, MA  MA  NA NA MA MA  NA 081 036 102 1015
Ryk 2008 {202 ) Mixad M, NA MA  NA M MA MA  NA 081 052 126 1204
Summary 099 022 11 1 089 112 029 077 104
Heterogenity test X 25438 183 2041
p-valus 003 018 0oz

Crude OR Uewit Bentes 00T LI} Arcan: 102 088 16 1909 052 014 197 2338 097 083 142 1858
Amercans

Fixed effects mets-analysis David-Beabes 2001 (45 )Caucasians 075 052 108 3338 0863 034 114 145 072 051 102 2327
De Ruyck 2007 {503 ) Caucasians 128 072 229 1016 177 077 404 426 138 08 239 1147
Hao 2008 {217 ) Asians 08 075 108 12481 082 061 114 4324 089 075 105 5188
Harms 2004 { 170 } Caucasians 072 042 125 1531 107 038 298 358 077 048 129 122
Hu 2005 349 ) Asians 099 079 123 8112 081 054 122 2567 036 078 118 4346
Hung 2005 {252 ) Caucssians 112 0593 128 2094 101 083 123 9827 109 087 124 6353
lto 2004 [ 185 Asians 101 07 1462826 133 07 277 852 106 075 15 2299
Matullo 2008 { 224 ) Caucasians 114 077 17 2287 052 023 117 974 101 089 143 1954
Pachouri 2007 { 415 ) Indian 028 02 084 1893 047 02 108 77 028 022 088 1102
Park 2002 27 ) Asians 127 079 202 1678 229 087 608 284 138 088 216 1576
Popands 2004 (213 ) NA 089 087 117 5182 087 058 128 281 088 088 115 2328
Rstnasinghe 2001 {21 ) Asigns 1 081 163 1585 138 05 38 307 104 085 187 1433
Tianli 2005 [ 248 } Caucesians 084 072 122 5821 082 056 125 2831 082 072 117 2655
Zhang 2005 {221 ) Asians 085 079 114 11238 1.14 084 156 2788 098 082 117 E0E6
Zhou 2003 {88 ) Caucasisns 101 085 12 12548 129 099 187 5071 107 091 126 5343
Surmmmans non no% 10r 0100 neo 14 1N oA nae 10F
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David-Beabes 2001 African-Americans (023 )
Chen 2002 Asans [ 0.85)

b 2004 Asians (075 )

Ratnasinghe 2001 Asians (D42 )
Zhang 2005 Asians (008 )

Hzo 2000 Asians | 0.08)

Hu 2005 Asians | 0.88 }

Park 2002 Asians [ D.74 )

Yin H007 Asians {0L2)

Chan 2005 A=ians (088

Divine 2001 Caucasians (0.78 )
Dianzani 2006 Caucasians (0.81)
Misra 2002 Cauvcasians | 08T )
Hamms 2004 Caucasians | 0.25)
Vogel 2004 Caucasians (052 )
Schneider 2005 Caucasians (0.78 )
Hung 2005 Caucasians (0.1

Matullo 2008 Cawcasians | 0.83 )
Lopez—Cima 2007 Caucasians {0.15 )
Dawid-Beabes 2001 Caucasians | [LGT )
Oe Ruyck 2007 Caucasans (082 )
Zhow 2003 Caucasians | 0.86 ]
Zienolddiny 2008 Caucasians (0.8 )
Pachicuri 2007 Indian | 005 )
Popanda 2004 Undefined (034 )

Loy 2004 Undefined [ 0.95)
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Relevance

DNA repair 1s a field in which genotyping data in relation to
cancer have increased exponentially in recent years.

Environmental carcinogens, such as polycyclic aromatic
hydrocarbons, aromatic amines or N-nitroso compounds,
predominantly form DNA adducts but also generate
interstrand cross-links and reactive oxygen species [which

induce base damage, abasic sites, and single and double
strand breaks (SSBs and DSBs)].

Unrepaired damage can result in apoptosis or may lead to
unregulated cell growth and cancer.



Meta-analyses were performed on 213 associations (1083
studies) between specific variants and specific cancer types
that had been tested by at least 2 independent studies.

A total of 14 nominally significant associations were

recorded for 8 genes in the main (allele-based) analyses
(TP53, BRCA2, ERCC2, ERCCS5, XPA, XRCC1, XRC(C2,
XRCC3).

We graded the epidemiological strength of each of these
nominal associations with criteria that assess amount of
evidence, replication, and protection from bias.



Overview:
* main analyses (OR per allele)

* secondary analyses:
dominant vs recessive models
by smoking, histological type, gender, ethnicity, study design

* heterogeneity (I?) (values of 50% or higher are considered to
express large between-study heterogeneity and values of 25-50%
express moderate between-study heterogeneity)

* bias: exclusion of first study, exclusion of HWE-violating studies,
small-study effect bias (modified Egger test), observed vs expected

statistical significant results (Ioannidis and Trikalinos test)

* overall grading



We applied the Venice criteria:

Grades A, B and C for amount of evidence, replication
and protection from bias

Associations that get three A grades are considered to
have “strong” epidemiological credibility, associations
that get any B but not any C grade are assigned
“moderate” credibility, and associations that get any C

grade as considered to have “weak” credibility.

Provisional results



Nominally significant associations

Gene
BRCA2
ERCC2
ERCC2
ERCC2
ERCC2
ERCC5
TP53
TP53
XPA
XRCC1
XRCC1
XRCC1
XRCC2
XRCC3

cod. 2414
Cod.312
Cod.751
cod 312
Cod.751
cod 46
Cod 72
intron 6
23 G>A
-77T>C
cod 194
cod 194
cod 188
Cod.241

Cancer
Breast
Bladder
Breast
Lung
Lung
Lung
Lung
Breast
Headneck
Lung
Skin
Stomach
Colorectal

Colorectal

Studies

a N O W W w O

N*
16,344
4,006
11,660
920
14,989
21,477
4,843
3,779
5,918
1,955
16,344
4,006
11,660
12,525

OR (95% Cl)
1.06 (1.01-1.12
1.12 (1.01-1.24)
1.06 (1.01-1.12)
1.07 (1.01-1.15)
1.13 (1.04-1.22)
0.73 (0.61-0.89)
1.11 (1.04-1.18)
1.08 (1.01-1.16)
0.91 (0.84-0.99)
1.39 (1.20-1.61)
0.75 (0.57-0.99)
0.82 (0.70-0.97)
1.14 (1.00-1.30)
0.89 (0.81-0.97)

P-value
0.03
0.03
0.02
0.02

0.003

0.001

0.001
0.03
0.03
10
0.04
0.02
0.05
0.01



Study Reference

Pro vs Arg

Mechanic 2007 African—Americans ( 0.05)
Jin 1995 African—Americans (0.01)
Weston 1994 African—Americans (1)
Sakiyama 2005 Asians (0.77)

Zhang 2006 Asians (0.11)

Pierce 2000 Asians ( 0.07)

Kawajiri 1993 Asians (0.28)

Murata 1998 Asians (0.55)

Murata 1998 Asians (0.23)

Sakiyama 2005 Asians (0.79)

Miller 2002 Caucasians (0)
Szymanowska 2006 Caucasians (0.94)
Matullo 2006 Caucasians (0.98)
Mechanic 2007 Caucasians (0.84 )
Pierce 2000 Caucasians (0.2)
To—-Figueras 1996 Caucasians (0.74)
Wu 2002 Caucasians (0.01)
Weston 1994 Caucasians ( 0.01)
Biros 2001 Caucasians (0.14)

Pierce 2000 Hawaiians (0.99)
Irarrazabal 2003 Hispanic ( 0.52)

Jin 1995 Mexican—Americans (0.24)
Fan 2000 Mixed (0.21)

Liu 2001 Undefined (0.06)

Popanda 2007 Undefined (0.11)
Nadji 2007 Undefined (0)

Papadakis 2002 Undefined (0) -
Wang 1999 Undefined (0.93)

Murata 1996 Undefined (0.62)
Weston 1992 Undefined (0.35)
Birgander 1995 Undefined (0.18)

Liu 2004 Undefined (0.06)

Summary

T T
0.25 0.40

exp(Effect)

0.63

1.00

1.58

2.51



Gene

BRCA2
ERCC2
ERCC2

ERCC2

ERCC2
ERCC5
TP53
TP53
XPA
XRCC1
XRCC1
XRCC1
XRCC2
XRCC3

cod. 2414

Cod.312
Cod.751

cod 312

Cod.751
cod 46

Cod 72

intron 6
23 G>A
-77T>C
cod 194
cod 194
cod 188
Cod.241

Cancer
Breast
Bladder

Breast
Lung

Lung
Lung
Lung
Breast
Head/neck
Lung

Skin
Stomach
Colorectal

Colorectal

Minor N
7,153
2,855
8,964

6,365

8,303
905
13,923
24,739
3,237
1,020
389
913
862
3,106

41

44

o w

o O O O

First-out

na
1.08 (0.87-1.34
1.07 (1.01-1.13
1.08 (1.01-1.16

1.11

(
(
(
(1.04-1.18

)

)

)

)
na

1.11 (1.04-1.18)
na
na

1.30 (1.01-1.66)
na

0.85 (0.71-1.02)

na
0.90 (0.80-1.01)



Venice %rading

Gene Cancer Amount eplication Reason ALL
BRCA2 Cod2414 Breast . . C LowOR,F C
ERCC2 Codon312 Bladder . . C LowOR,F, R, HWE C
ERCC2 Codon751 Breast A A C Low OR C
ERCC2 Codon 312  Lung . . C LowOR C
ERCC2 Codon751 Lung A B C Low OR C
ERCC5 Codon 46 Lung B A C F, HWE C
TP53 Codon 72 Lung A B C Low OR, R C
TP53 intron 6 Breast A A C Low OR, F, HWE C
XPA 23 G>A Head/neck A A C Low OR, F C
XRCC1 -77T>C Lung . . A - .
XRCCA1 Codon 194  Skin B . A - B
XRCCA1 Codon 194  Stomach B A C F C
XRCC2 Codon 188  Colorectal B A C Low OR, F, HWE C
XRCC3 Codon 241 Colorectal A A C Low OR C



POLYMORPHISM
Codon 148
Codon 1853 D>N
Codon 356
Codon 871
Codon 1038
Codon 1613
Codon 372
Codon 2414
Codon 270
Codon 241
19716 C>G (intron 3)
8092 position

Codon 118 e

IVS5 +33 C>A

Endometrial
Esophageal

IHead/neck

Colorectal
Lymphoma
Pancreas

Leukemia
Stomach

ILung

Prostate

ISkm

I | l

Exon 4 pos.19007
Codon 156

Codon 312
Codon 751

5' UTR pos.2063
Codon 835
Codon 46
Codon 415
Codon 1104 E
Codon 1097
Codon 1413
exon 6 111 A>C
Codon 9

Codon 568

-309 T>G

Codon 53
Codon 143
Codon 178
Codon 84
Codon 185
Codon 185
Codon 326




GENE
PARP1
PPP1R13L
PPP1R13L
POLI
RAD23B
RADS1
RADS1

POLYMORPHISM
Codon 762
2485 A>T (3 UTR)
IVS1 4364 A=G
Codon 706
Codon 249
172 G=T
5 UTR
2259 C=T
Codon 820
Codon 72
1474 bp 3STP C=T
1846 bp 3STP T=C
IVS1-112 G=A
IVS2 +38 C=G
IVS4 91 A=G
IVS7 +72 T=C
IVS7 +92 T=G
Intron 6 (Msp 1)
PIN3
Codon 1136
Codon 353
Codon 1367
5" NCR
23 G=A
Codon 500
Codon 939
PAT Intron 9
Codon 1104
Codon 194
Codon 206
Codon 280
Codon 399
77 T=C
Codon 188
5' region pos.4541
Codon 241

IVS5-14
IVST7 17893 A=G
VST -1 A=G

Codon 593

Colorectal

Endometrial

Esophageal

Head/neck
Leukemia
Lymphoma

I+

Pancreas

Stomach




Comments

Surprisingly large amount of evidence on selected
associations

Racial descent
Most studies in Caucasians, difficult to assess
ethnicity

TP53 lung:
Afro-Americans 1.15 (0.89-1.50)
Asians 1.15 (1.04-1.27)
Caucasians 1.10 (0.95-1.26)



Types of participants
When a comparison between hospital-based and
population-based studies was feasible, results
were consistent

ERCC2 312, lung HB 1.08, P-B 1.08
ERCC?2 751, breast H-B 1.02 P-B 1.07
ERCC2 751, lung H-B 1.13 P-B 1.02



Difficult and open issues:

1. Biological plausibility (little is known on
functional significance: genotype-phenotype
correlation project led by Matullo within ECNIS)

2. Pleiotropism, i.e. one can expect associations
with several types of cancer (lack of specificity).
ERCC2 and XRCC1 involved with several
cancer types, BER and NER more important than
e.g. MGMT

3. Effect of gene/SNP combination and analytical
strategies



1)

2)

2)

DNA repair ECNIS projects

Use of lymphoblastoid cell lines for the identification of at risk

genotypes: validation of cell lines for the DNA repair response
(P.I. Matullo ISI; UC)

- DNA repair gene expression (ERCC1, OGG1)
- RO19-8022 BER modified Comet for cell extracts

Development and validation of phenotypical nucleotide excision
DNA repair (NER) assays for use in molecular epidemiology

(P.I. Kirsch-Volders VUB; UM, ISI, NHRF, UO)
- BPDE NER modified Comet for cell extracts
- Comparing methods for preserving cell extracts
- Development of a MMR phenotypic assay

Assessment and reduction of comet assay variation in relation to DNA
damage and DNA repair phenotype

(P.I. Moller UC; KI; UM, ULEIC)



EXTENSIVE DNA REPAIR GENOTYPE-PHENOTYPE
CORRELATION: AN ITALIAN NETWORK

»  P.I. Matullo (University of Turin, ISS Rome, CSPO Florence)
»  Cryopreserved lymphocytes from 300 healthy subjects
» 1536 selected DNA repair SNPs (Illumina’s chip)

»  DNA repair phenotipic assays on lymphocytes after exposure to low
dose of carcinogens:
- BER modified COMET for cell extracts (RO19)
- COMET incision assay (BPDE)
- Micronuclei and CA (y rays)
- Phosphorylation of hystone H2AX (y rays)
- 32P-postlabelling DNA adducts (BPDE)
- BER DNA glycosylases activities (MMR?)
- DNA repair gene expression



Additive combinations of multiple weak risk
factors (population attributable fraction)

A total of 100 true risk factors were simulated, each
conferring a relative risk of 1.25, and with a MAF of 10%.
In each line are counted the subjects carrying
combinations of any Kk risk alleles.

OR = odds ratios, calculated with a simple additive model.
For example, for subjects with 10 risk alleles the relative
risk would be 3.5. These subjects would represent 13% of
the population, and over 54% of the population would
carry 10 risk alleles or more.

(from Vineis P et al, Expectations and challenges stemming from genome-
wide association studies, submitted to CEBP)



Number of risk % of subjects who % of subjects who carry OR PAF

factors (k) carry k risk alleles at least k risk alleles

0 0.003% - 1.00 -

1 0.030% 99.99% 1.25 0.0001
2 0.162% 99.97% 1.50 0.0008
3 0.589% 99.81% 1.75 0.0044
4 1.587% 99.22% 2.00 0.0156
5 3.387% 97.63% 2.25 0.0406
6 5.958% 94.24% 2.50 0.0820
7 8.890% 88.28% 2.75 0.1346
8 11.482% 79.39% 3.00 0.1868
9 13.042% 67.91% 3.25 0.2269
10 13.187% 54.87% 3.50 0.2479
11 11.988% 41.68% 3.75 0.2479
12 9.879% 29.70% 4.00 0.2286
13 7.430% 19.82% 4.25 0.1945
14 5.130% 12.39% 4.50 0.1522
15 3.268% 7.26% 4.75 0.1092
16 1.929% 3.99% 5.00 0.0716
17 1.059% 2.06% 5.25 0.0431
18 0.543% 1.00% 5.50 0.0238
19 0.260% 0.46% 5.75 0.0122
20 0.117% 0.20% 6.00 0.0058

100 108% 5.38x10713% 26.00  0.0000



Analytical strategies



Summary of some important differences between modelling for prediction
and modelling for understanding.

Prediction

Understanding

terms

Question Who is at high risk? Which genes interact?

Consequences Treatment of Subjects Bioinformatics,
replication studies

Model Choice Less important Vital

Key model | Joint effects Interactions

Model
complexity

May include high order terms

Low order terms




Methods to model gene-gene interactions

Extensions to regression analysis

Automated Detection of Informative Combined Effects (DICE)(Tahri-
Daizadeh N et al. Genome Research 13: 1952-1960, 2003)

Classification and Regression Trees (CART)/ Patterning and Recursive
Partitioning (PRP)(Bastone L et al. Human Heredity 58: 82-92, 2004)

Logic Regression (Kooperberg et al. Genetic Epidemiology (S1): 626-631,
2001)

Penalized Logistic Regression (Zhu et al. Biostatistics 5: 427 — 443, 2004)

Multivariate adaptive regression spline (Cook et al. Statistics in Medicine
23: 1439 — 1453, 2004)



Data reduction approaches

Combinatorial Partitioning Method (CPM)(Nelson et al., Genome
Research 11:458-70, 2001)

Restricted Partitioning Method (RPM)(Culverhouse R, Klein T, Shannon
W. Genet Epidemiol 27:141-52, 2004)

Multifactor Dimensionality Reduction (MDR)(Ritchie et al., American
Journal of Human Genetics 69:138-147, 2001)

Set Association (Hoh J, Wille A, and Ott J. Genome Research 11: 2115-
2119, 2001).



Multifactor Dimensionality Reduction

Ritchie et al., American Journal of Human Genetics (2001)
Mooreetal, Journal of Theoretical Biology (2006)
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The End



